Errors in short-term recall of six English vowels (I, e, •e, U, A, u) were tabulated and related to several distinctive-feature systems. Vowels were embedded in two contexts:/1[ Jk/and/z[ ]k/. Subjects were instructed to copy items as they were presented, followed by recall of the entire llst of (six) items. Perceptual errors were excluded from the recall error matrix by scoring for recall only correctly copied items. The rank-order frequency of different intrusions in recall of each presented vowel was almost perfectly predicted by a conventional phonetic analysis in two dimensions: place of articulation (front, back) and openhess of the vocal tract (narrow, medium, and wide). The error matrix also supported the assumptions that the values of openness are ordered in short-term memory and that the correct value on the openness dimension is more likely to be forgotten than the correct value on the place dimension. The study suggests that a vowel is coded in short-term memory, not as a unit, but as a set of two distinctive features, each of which may be forgotten independently.
INTRODUCTION
ODING is generally considered to be a perceptual or motor problem, but it is equally important in the study of memory. In addition to axioms concerned with the consolidation, decay, and interference of associations between internal representatives in memory, one also wants to know the units of internal representation in memory. Recent findings suggest that a verbal item (word, letter, digit, CV syllable, etc.) is coded in short-term memory (STM) as a set of phonemes, each of which may be forgotten independently. The evidence for this hypothesis is that the errors in short-term recall of correctly perceived verbal items tend to have a phoneme in common with the correct item2 -a The present study attempts to extend the phonemlccoding hypothesis to determine if a vowel phoneme is The relationship between errors in auditory percep-for empirical investigation, and this study provides some evidence on the question. However, this is not the primary goal of the study. The primary goal is to detemfine, insofar as possible, what feature system works best for STM. This effort has been greatly assisted by feature systems previously developed in articulatory phonetics, acoustic phonetics, and linguistics, but the comparative adequacy of these systems for predicting ST\I errors is suggestive only with respect to their adequacy in the reahn for which they were developed. Ultimately, it will be possible to decide how many different verbal feature systems exist in the human nervous system. Perhaps, there is only one. Perhaps, there is an acoustic system and an articulatory system. Perhaps, there is also an "abstract" system, as postulated by recent linguistic theories of sound structure? This question will probably be answered only when feature systems have been definitely established for many different types of verbal behavior. In the final analysis, a complete theory of verbM behavior must account for all its perceptual, memory, and productive aspects. But this complete theory need not have only one feature system for all the aspects. On the other hand, one feature system that worked best for perception, memory, and production would be the most appealing theoretical possibility. The conventional phonetic analssis (CPA) of these six vowels in terms of place of maximum constriction of the vocal tract (front, back) and openness of the vocal tract (narrow, medium, wide) is shmvn in Table I.  Table I Table II. Table II The Chomsky-Halle system developed out of the distinctive-feature system of Jakobson, Fant, Halle (JFH), described in Table Ill (Ref. 9 ). JFH is one-level system like CPA but with a rather different dimensional structure. Although J FH was not intended to be more than a preliminary hypothesis about the feature system, it is interesting to test it against the error data because it makes very difi'erent predictions from CPA, Pt, and I'm concerning the rank ordering of errors in Sq'M.
I. DISTINCTIVE-FEATURE
To avoid confusion, it should be noted that many of the terms used to designate features are common to both JFH and the Chomsky-Halle system, but the application of the terms to vowels is rather different in the two systems. Although there is some similarity in the use of the ternis "compact," "diffuse," and "grave" in the two systems, the similarity is far from identity.
One final point: Jakobson, Fant, and tfalle were careful to eliminate redundancy in the definition of vowds by their features, not only by elinfinating redundant dimensions, but also by failing to classify a vowel on a dimension if the dimension was unnecessary to distinguish that particular vowel from other vowels. The latter practice is not observed in the description of J I:H in 
II. METHOD
On each trial, subjects listened to a list of six items, copying the items as they were being presented. As soon as a subject finished copying the list, he covered what he had copied and then attempted to recall the list by filling in six boxes with the correct items in the correct positions. Each trial began with a ready signal lasting about 1 sec, followed by a 1-scc pause, followed by the list presented at the rate of about 2 scc per item, followed by 16 sec in which to recall the list.
The lists were random permutations of the six items in one of the two following populations: (1 items) lick, leek, lack, look, luck, lock and (z items) zick, zeck, zack, zook, zuck, zock. Subjects copied and recalled entire four-letter items, but only the vowels distinguished between the items in different positions on any one trial. Thus, it is possible to study the errors in short-term recall of six English vowels, (I, % m, u, .% a). The frequency of correctly ordered recall after correct copying averages 70%. Omissions in recall after correct copying occur about 6% of the time. Intrusions (confusions) in recall make up the remaining 24%. Front vowels appear to be remembered better than back vowels, and within each of these two categories the medium-opening vowels are least well remembered. The differences, however, are not great. The Pt system works equally well in predicting the rank order of intrusions for each presented vowel, provided that one makes the assumption that the probability of forgetting gravity is less than the product of the probabilities of forgetting compactness and diffuseness. The Pm and JFH systems are clearly less adequate than the Pt and CPA systems for predicting the rank order of intrusions in STM.
Intrusions in short-

IV. COPYING ERRORS
The copying-error matrices for I items and z items are presented in Tables VII and VIII matrix is presented in Table IX . As would be expected, more errors are made in copying the less familiar z items than in copying the more familiar 1 items. Copying "zuck" instead of "zook" and copying "zack" instead of "zock" are particularly large sources of error. These two coMusions in the z items are just the ones that would be expected from the relationship between written and spoken English, since the phoneme/u/is often written as "u" in such words as put, pull, full, etc., and the phoneme/a/is often written as "a" in such words as father, ah, car, etc. Attributing some part of the total frequency of these two cmffusions in the z items to orthographic co•ffusion, rather than perceptual con- precise comparisons between the copying data of the present study and those of Peterson and Barney.
The female speaker's first two formant frequencies for each vowel used in the experiment are presented in Table X . Formants were determined to the nearest 50 cps from a spectrogram, and 7 instances of each vowel (3 from 1 items and 4 from z items) were averaged to yield the figures in Table X . The relative acoustic distances between vowels for the present speaker are very similar to those reported by Peterson and Barney. Also, the distribution of copying errors in the present study shows the same positive correlation with acoustic distance in the space formed by the logs of the first two formants. However, the decline in error frequency as a function of acoustic distance is much less rapid in the present study. Presumably, this results from the greater demand on the subject in the present experiment and the consequent decrease in ability to attend to each item. However, the less rapid decline in copying errors with increasing acoustic distance must not be attributed to •. "floor" of random errors produced by complete inattention. The most distant errors are almost as infrequent in this study as in the Peterson and Barney study, but the errors are distributed more evenly among the dosest vowels in the acoustic space. The various discrete-feature systems can also be tested on the copying data in Table IX . Again, the CPA and Pt systems make more-accurate predictions than the Pm and JFH systems. Of the 36 predictions made by the CPA feature system, 35 axe correct analyzing by rows and 34 are correct analyzing by columns. However, the assumption that openness is ordered does not fare so well, making correct predictions in only 5 of 8 cases by rows and 4 of 8 cases by columns. There is also no evidence that place is more likely to be perceived correctly lhan openness. Since the Pt system must predict that •, e, •, are ordered and that $88 W. A. \VICKELGREN u, ^, and a are ordered, it is slightly less accurate than the unordered CPA system. However, this is of little significance, since there are so few copying errors and some of the differences are very small.
V. DISCUSSION
Although the assumptions about ranking of dimensions and ordering of values on openness do not appear to hold for copying, the feature system (CPA or Pt) that predicts the recall errors best also predicts the copying errors best. This finding suggests that perception and STM for vowels may use the same feature system, but the conclusion must be considered as tentative. Copying six "words" at the rate of 1 every 2 sec is not the optimal way to study perceptual errors, free 
